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Dibenzothiophene (1) suffers surface-catalyzed oxidation under CI(O,) conditions. While in 
the positive mode M + is the only major ion and those of the oxidation products are of minor 
importance in the negative mode, essentially only ions stemming from oxidized species can 
be seen, the sulfone ion [M + 02] _. being the most important one. The ion M /z 184 
previously attributed to M-. is actually the anion of Z-sulfobenzoic acid cyclic anhydride. 
Structures for the various oxidation products are proposed and the mechanisms leading to 
their formation are discussed. (J Am Sot Mass Spectrom 1993, 4, 949-954) 
I n an early communication on negative chemical ionization (NCI) mass spectrometry, Hunt et al. [2] reported that isobaric aromatic hydrocarbons and 
sulfides can readily be distinguished by their NCI(0,) 
mass spectra: The former give M- and [M + 15]- 
(phenolate) ions, the latter MP. and [M + 32]- (pre- 
sumably sulfone [3]) ions. The importance of this ob- 
servation for the analysis of high boiling petroleum 
fractions was pointed out [2, 31, but in each case only 
dibenzothiophene (1) was mentioned as an example. 
However, for an actual analysis, rather than using 
NCI(O,), collision activation spectra of the [M f HI+ 
ions of the parent compounds and of the [M + NO]+ 
ions of the sulfones obtained by preceding oxidation 
were used [4]. 
For the NCI(0, ) mass spectra of 1 obtained by Hunt 
et al. with 90% 0, and 10% H,, it was reported [?_I 
m/z 226 ([M + 0, I- ‘1, 184 (Mm ‘1 and 32 (0; ‘1, but 
also [5] m/z 216, 183 (IM - HI-), 96 (SO; ‘> and 64 
(SO; ‘). These spectra differ grossly from those where 
0, only plays a partial role as a contaminant: v. 
Ardenne et al. [6], using a low pressure discharge in 
Ar, observed m/z 199 ([M + 0 - HI-), 183 ([M - 
HI-), 137, 105, 81 (HSO;, base peak). Under similar 
conditions Albers and Knof [7] obtained m/z 199 as 
the base peak. Tokarev et al. [8] reported that under 
NCI(i-C,H,O) conditions 1 gives m/z 183 ([M - HI-1 
as the major peak and small amounts of m/z 33 
(SH-). [M + 0 - H]- ions are frequently encountered 
as side-products of aromatic compounds when nonre- 
active reagent gases are used [9, 101. Their genesis is 
explained by ion-molecule reactions of sample 
molecules with O- or OH- derived from trace 
*Part XXVII: Studies in chemical ionization. For part XXVI, see refer- 
ence 1. 
Address reprint requests to Prof. Dr. Budzikiewicz, Institut fiir 
Organ&he Chemie der Universitst zu Kdn, Gretitr. 4, D-50939 
KSln, German).. 
0 1993 American Society for Mass Spectrometry 
104&0305/93/$6.00 
amounts of 0, and H,O present in the ion source [9, 
101. [M - HI- ions may either be formed by dissocia- 
tive electron capture or by deprotonation by basic 
species such as O- or OH- [9, 101. Besides O- 
(which in the experiments of Hunt et al. [2] was 
removed by the addition of HZ), the basic reagent ions 
0; and OH- [ll] are present in the 0, plasma and it 
is, therefore, rather surprising that M- (m/z 184) 
should be observed [2] in the NCI(O,) mass spectrum 
of 1, whereas [M - HI- and not M- is formed [S] 
even when electron capture promoting hydrocarbon 
reagent gases such as i-C,H,, are used. 
To find an explanation for the discrepancies in the 
NCI mass spectra of 1 and to examine whether [M + 
O,]- (sulfone) ions are typical for thiophenes in gen- 
eral, we studied the NC1 mass spectra of 1 and of some 
related compounds in detail. 
Experimental 
Instrumentation 
The CI(0,) mass spectra were measured with a Var- 
ian-MAT (Bremen, Germany) 212 instrument equipped 
with a modified electron ionization/chemical ioniza- 
tion (EI/CI) source and a glow discharge probe [12] 
(discharge current 0.025-0.080 mA, discharge voltage 
0.8-1.1 kV, source temperahve 80-13O”C, pressure 
inside the source 40-60 Pa). CI(CH,) and CI(N,O) 
spectra were obtained using a rhenium band cathode 
[emission current 0.5 mA, electron energy 130 eV 
(CINCH,)) and 60 eV (CI(N,O)), pressure inside the 
source 40-60 Pa, temperature lOO-14O”Cl. Pressures 
inside the ion source were measured with a measuring 
probe equipped with a thermocouple vacuum gauge. 
NC1 spectra were recorded without the conversion 
dynode. Samples were introduced with a modified [13] 
direct insertion probe (IGT, Much, Germany). For gas 
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Figure 2. NCKO,) mass spectrum of dibenzathiophene 1 (M = 
184). 
in the upper mass range of Figure 2 can be explained 
in this way also. 
1 forms in the positive CI(0,) spectrum M*. h/z 
184, rel. int. 100%) and in small amounts ions of the 
oxidation products as m/z 216 (Z%), 200 ([M + O]+ ; 
< l%), 232 ([M + 30]+ ; l%), and, of importance in 
this discussion, 168 ([M + 20 - SO]+ ; 3%) (all peaks 
are shifted accordingly by 8 u in the spectrum of 2). 
Hence, oxidation of the sulfur atom to give 3 must 
have occurred followed by ionization to 3+ and sub- 
sequent rearrangement to 4+ which then eliminates 
SO. The ion m/z 168 occurs also in the EI spectrum of 
3 [31,32] and rearrangements as 3 l + 4+ are typical 
for sulfones in general [33]. 3 can also be transformed 
thermally into 4 [32]. The formation of [M + 0,] ions 
both in the positive and in the negative mode makes a 
surface reaction very likely. (Note that when the sam- 
ple is introduced via a gas chromatograph the ion 
chromatogram of m/z 216 obtained from 1 by NCI(0,) 
shows the same tailing which was observed for the 
[M + 0 - 2H]-. peak obtained from fluorene by 
NCI(O,/N,) and which was explained by adsorption 
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Figure 3. NCKO,) mass spectrum of dibenzothiophene-d, 2 
(M = 192). 
of M on the metal surface of the ion source and 
retarded desorption and subsequent ionization of the 
oxidation product [lo].) The difference between the 
positive and the negative CI(0,) spectrum can be 
explained by the relative rates of the various processes: 
Formation of M’ of 1 by charge exchange with 0: is 
a fast process which is leading to abundant species (as 
with all aromatic compounds) and which competes 
well with the route comprising oxidation and subse- 
quent ionization. In the negative mode (as mentioned 
above), formation of ions by ion-molecule reactions of 
1 is a relatively slow process and hence the ions of the 
oxidation products dominate the spectrum. 
The proposed oxidation of the sulfur atom of 1 to 
give 3 is confirmed by the NCI(0,) mass spectra of the 
oxygen and nitrogen analogs of 1, dibenzofuran 5 and 
9Wcarbazole 6. They show [M + O,]- ions of low 
abundance only [9% (5) and 17% (611, the dominating 
peaks being the ion-molecule-reaction products m/z 
183 ([M + 0 - HI-X5) and m/z 166 ([M - H]-)(6). 
Obviously the -S- group of 1 is as prone to oxida- 
tion to -SO,- as the -CH,- group of fluorene is 
Table 1. Mast important ions in the NCI(O,) spectrum of 1 and mass shifts observed 
for 2 and for 1 and 2 under NCIP’O,) conditions 
m/z Mass shift Elemental 
1 2 1 POJ 2 PO,) composition Assignment 
64 +o +4 f4 SO2 so; 
73 +1 +6 
80 +o +6 
96 +o $8 
113 +1 +8 
152 +4 +4 
168 +4 +6 
184 +4 +8 
199 +7 t2 
200 +8 +2 
214 +6 +4 
216 +8 +4 
232 i-8 +6 
248 +8 +8 
262 /264 
t7 
+6 
f8 
+9 
+8 
+10 
t12 
+9 
+10 
+10 
+12 
+14 
Cl6 
W-Q 
so3 
so.3 
‘AH04 
V-‘,SOz 
C,H,S% 
GH4SO4 
G,H,SO 
C,zH,SO 
CIZH,SOZ 
C,zH,SOz 
CIZH&J, 
C,zbSO, 
see text 
OHC-COO- 
so; 
so; 
HOOC-C=C-COO- 
15-’ 
13-’ 
11-’ 
[M + 0 - Hl- 
[M + 01- 
[M + 2 0 ~ 2Hl- 
[M + 2 01-’ 
(M + 3 Ol- 
[M + 4 01- 
280 +8 +8 +16 C~zbSz’% [M+SOJ;[M+ZO+SO,I-’ 
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to oxidation to C=O [ 101. Also in accordance with an 
oxidation 1 * 3 are the NCI(0,) mass spectra of the 
dibenzothiophene sulfoxide 7 (Figure 4) and the sul- 
fone 3 (Figure 5): They show, though with different 
abundances, all the ions also observed in the NCI(0,) 
mass spectrum of 1 with one important exception: In 
the case of 3, m/z 152 is missing. The NCI(0,) spec- 
trum of the sulfinate 4 (Figure 6) shows, including 
m/z 152, all the ions observed with 1. These observa- 
tions will be taken up below. 
In the NCI(0,) mass spectra of the four isomeric 
methyldibenzothiophenes (8, Figure 7, is given as an 
example), all the [M + O,] and [M + 0” ~ 2Hl 
ions are shifted by 14 u (m/z 214, 230, etc., and 
m/z 228, 244, etc.), but the series m/z 152, 168, 
184 is accompanied by an homologous series m/z 
166, 182, 198. Also, the NCI(0,) mass spectrum of 1,3- 
dimethyldibenzothiophene 9 shows two series, m/z 
152, 168, 184 and m/z 180, 196, 212, whereas 2,8- 
dimethyldibenzothiophene 10 only shows one series, 
m/z 166, 182, 198. 
The mass shifts upon introduction of methyl groups 
suggest that the ions of the series m/z 152, 168, 184 
obtained with 1 are somehow related with the oxida- 
tion products. In addition, Figure 3 shows that they are 
shifted by 4 u and hence can comprise only one of the 
benzene rings. Thus, m/z 184 cannot be M-; as sug- 
gested earlier [2, 31. This is in agreement with the 
calculated low electron affinity (EA) of 1 (EA = -0.73 
[34] or iO.08 eV [35]) since stable molecular anions are 
to be expected only if EA L 0.5 eV [36]. Exact mass 
measurements give an elemental composition of 
C,H,SO, (the number of oxygen atoms is confirmed 
by the NCI(‘80,) mass spectrum of 1, see Table 1). 
This suggests that the ion m/z 184 is actually 2- 
sulfobenzoic acid cyclic anhydride (11) in analogy 
to phthalic anhydride obtained, for example, from 
fluorene via fluorenone under NCI(O,/N,) conditions 
[i’, 371. The proposed structure of m/z 184 easily 
explains the homologous series observed with the 
methyldibenzothiophenes: 8 and its isomers yield 11 
and a methyl substituted analog, 9 gives 11 and a 
dimethyl substituted analog, whereas the symmetri- 
cally substituted 10 gives a methyl substituted 11 only. 
The structure of m/z 184 is further confirmed by the 
JO - 216 
00 - 
Figure 4. NCKO,) mass spectrum of dibenzothiophene 5-oxide 
7 (M = 200). 
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Figure 5. NCI(0,) mass spectrum of dibenzothiophene 5,5- 
dioxide 3 (M = 216). 
identification of 2-sulfobenzoic acid as a KMnO,-oxida- 
tion product of 1: After treatment of the reaction mix- 
ture with CH,N,, its dimethyl ester could be isolated 
and identified by comparison of the El and ‘H- as well 
as 13C-NMR spectra with those of an authentic sample. 
2-Sulfobenzoic acid has not been described previously 
as an oxidation product of 1: By using other oxidizing 
reagents such as peracids, hydroperoxides, or 0,, only 
3 and/or 7 have been obtained [38-411. 
Regarding the mechanism of oxidation leading to 
11, it is suggested that 1 is first oxidized to 3 via 7 and 
subsequently the angular carbon atoms are attacked 
leading to 12. That only the angular carbon atoms are 
attacked is evident from the fact that 8 and all its 
isomers yield the same two series of characteristic ions 
discussed above. 12 by further reaction with oxygen is 
cleaved either to 11 (m/z 184) or to 13 (m/z 168) 
[formation of 13 by a fragmentation 11 + 13 is negligi- 
ble as its intensities both in the NCI(CH,) and the 
NCI(0,) mass spectrum of 11 are < 2% of the base 
peak (Mm .)I. The ion m/z 152, as mentioned above, is 
not obtained from 3 (Figure 51, but rather from 7 
(Figure 4). Its formation can be explained by a second 
analogous sequence of oxidation reactions starting from 
7 leading to 14 which is oxidatively cleaved either to 
13 (m/z 168) or to 15 (m/z 152). For 8, oxidative 
cleavage can take place at either ring junction leading 
to the two series of homologous ions discussed before. 
As mentioned above the ions m/z 152, 168, 184 can 
also be found in the NCI(0,) mass spectrum of the 
100 - 
oo- 
6P- 
46 - 
0 
u 140 I66 zoo ZIO LLD 
Figure 6. NCI(0,) mass spectrum of dibenz[ c,el[ 1,foxathiin 
6.oxide 4 (M = 216). 
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Figure 7. NCI(0, ) mass spectrum of l-methyldibenzothiophene 
8 (M = 198). 
sulfinate 4 (Figure 6). They are not shifted upon intro- 
duction of a methyl group (sulfinate 16). This indicates 
(1) that their formation is initiated by an oxidative 
attack exclusively on the angular carbon atoms of the 
benzene ring attached to the e bond of the oxathim 
ring leading to 17, and (2) that a rearrangement 4 + 3 
does not take place under NCI(0,) conditions. The 
back-rearrangement 3 -+ 4 can be excluded from the 
fact that m/z 152 is not observed with 3. A thermal 
rearrangement 3 + 4 as mentioned above can be ne- 
glected under our experimental conditions since when 
subjected to GC mass spectrometry [the highest tem- 
perature being that of the GC injector (25O”C)], 3 as 
well as 4 gave only one peak each with different 
retention times. The crucial step in the proposed 
scheme is the oxidative ring opening 3 -+ 12. That this 
assumption is reasonable can be deduced from the fact 
that analogous ring cleavages have been described in 
the literature [42]. Scheme I is the entire reaction ring. 
Species marked there with mass-to-charge ratio num- 
bers are subsequently desorbed and transformed into 
negative ions by reaction with thermal electrons or 
charge exchange with plasma ions. 
4 m/z 218 
$F 
3 
Scheme I. Oxidation reactions of dibenzothiophene 1 under 
NCI(0,) conditions. 
Three ions in the NCI(0,) spectrum of 1 not fitting 
into Scheme I have to be mentioned shortly. The species 
m/z 280 contains only four O-atoms (see Table 1) and 
thus does not continue the series [M + OJ ‘. It is 
shifted to m/z 294 for 8 and its isomers. It may either 
be an adduct ion [M + So,]- or (as in polysu!furic 
acids) an adduct of SO, to one of the oxygen atoms of 
3. A likely structure could be: 
Q--$q-&LQ$=J 
0*% 
1 2 
4 5 6 
3 
Q--J% \/ Ha 
The ions m/z 262/264 (shifted to 276/278 for 8 and 
its isomers) can also be found in the spectra of 3, 4, 
and 7. Here the shifts caused by *H and “0 are 
puzzling: For 1 (Figure 2), m/z 262 is the most abun- 
dant species, but for 2 (Figure 3), m/z 272 is observed, 
which can only be the d,-analog of m/z 264. An 
explanation would be that m/z 262 belongs to the 
[M + 0, - 2H]- series and a loss of D, is much less 
favorable than that of H,, and hence m/z 270 is 
essentially missing. The I80 data show a shift to m/z 
270 for 1 and to m/z 280 for 2, which requires an 
incorporationof four O-atoms (262 + Su and 272 + 8~). 
NO structures can be proposed for these ions. 
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Conclusions 9. Stemmler, E. A.; Hi&, R. A. Riomed. Environ. Mass Spectrom. 
1988, 17,311-3X 
Due to its low electron affinity, dibenzothiophene 1 is a 
poor substrate for NC1 when nonreactive reagent gases 
such as CH, are used. However, when oxygen is used 
as a reagent gas, 1 suffers extensive surface-catalyzed 
oxidation by which species of high electron affinity are 
formed. They are readily ionized by electron capture 
ide 7 and especially the s&one 3, which are further 
and, therefore, dominate the NCKO,) mass spectrum. 
oxidized and degraded to the highly oxidized ions 
C,H,SO, (n = 2.. .4) (m/z 152, 168, 184). The ion 
The oxidation is initialized by formation of the sulfox- 
m/z 184 is not Mm but rather the anion of 2-sulfo- 
benzoic acid cyclic anhydride. That an [M + O,]- ion 
not necessarily dominates the upper mass range of 
thiophene derivatives can be seen from the NCI(0,) 
spectrum of naphtho[2,3-blthiophene (l&J), where the 
most important species is m/z 214 ([M + 0, - 2H]- ‘>, 
that is, formation of a quinone [lo, 371, m/z 216 
amounting to only 20% of m/z 214. Hence, low abun- 
dance of [M + O,]- ions cannot be taken as a prima 
facie evidence against thiophenic compounds. In a 
following communication the NCI(0,) spectra of dif- 
ferent types of thiophenic compounds will be reported 
and the structural prerequisites for the relative impor- 
tance of the competing reactions will be discussed. In 
any case, some structural information can be obtained 
with NCI(0,) while El or CI (positive and negative) 
with other reagent gases in most cases just gives the 
molecular mass. 
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